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SPECIFICATION 

TITLE OF THE INVENTION 

POSITION MEASURING APPARATUS 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an assistance apparatus 

for a surgical operation, and in particular , it relates to a position 
measuring apparatus for it. 

In a surgical operation , including an orthopedic operation, 
etc. , for example, it is very important to conduct the positioning 

10 of a surgical tools or appliances, which is operated by a surgeon 
in the surgical operation, correctly. However, since it is 
difficult to conduct the positioning of such the surgical tools 
or appliances only depending upon visual information, which can 
be obtained by the surgeon from the portion where the surgical 

15 operation is done, then a research and/or study has been made on 
a use of navigation system, as an assistance of positioning of 
the surgical tools. Thus, in the INTERNET information mentioned 
below, there is proposed a laser pointing system, using a navigation 
system applying laser beams therein, wherein the surgeon can 

20 conduct the positioning of the surgical tool upon basis of track 
of the laser beams displayed thereon at hand, but without seeing 
a navigation display screen of the navigation system, thereby 
conducting the surgical operation, correctly. 

Orthopedics, Osaka University, "Development of a Laser 
25 Guidance System" , [online], [searched on February 18, 2003], 
INTERNET 

<URL : http : / /www. med . osaka-u . ac . jp/pub/ort /www/hip/laser-point 



ing . html> 



However, when conducting the surgical operation while 
indicating the position through the laser beam within a surgical 
field , sometimes the laser beam is obstructed or cut off by a portion 
of a body of a patient or the surgical tools, etc., and in such 
the case, it is necessary to move the position of an outlet of 
the laser beam, so that the laser beam is not obstructed or cut 
off during the surgical operation. In this instance, a positional 
relationship is shifted between a position indicating means of 
emitting the laser beam and a position measuring means for measuring 
the position of the surgical field; i.e. , the coordinates of both 
are shifted, therefore it is necessary to conduct a calibration 
operation for those coordinates of both to be coincide with each 
other. Also, when the outlets of the laser beams are moved 
accidentally or carelessly, it is necessary to conduct the 
calibration operation, in the similar manner. However, such the 
re-calibration operation during the surgical operation, it may 
results into a consumption of time. 

BRIEF SUMMARY OF THE INVENTION 

According to the present invention, being achieved by taking 
such the drawbacks of the conventional art mentioned above into 
the consideration, an object is to provide a position measuring 
apparatus, enabling to omit such the calibration operation after 
the movement of the position indicating means, in particular, in 
the navigation system, which can indicates a position and a 
direction of the tool. 

For accomplishing the object as was mentioned in the above, 
according to the present invention, there is provided a position 
measuring apparatus, comprising: a position indicating means for 
indicating a position and a direction of a tool; and a 
three-dimensional position measuring means for measuring a 
position and a direction of a surgical field and also the position 




and the direction of said tool, wherein said position indicating 
means and said three-dimensional positionmeasuringmeans are fixed, 
so that relative pos itional relationship therebetween is constant . 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

5 Those and other objects, features and advantages of the 

present invention will become more readily apparent from the 
following detailed description when taken in conjunction with the 
accompanying drawings wherein: 

Fig. 1 is a view for showing a navigation system 
10 diagrammatically , including a position measuring apparatus 
therein, under the condition of being used; 

Fig. 2 is a structure view of the navigation system; 

Fig. 3 is a block diagram of a CPU unit to be used in the 
system shown in Fig. 2 mentioned above; 

15 Fig. 4 is a diagrammatical view of a laser beam emitting 

means to be used in the system shown in Fig. 2 mentioned above; 

Fig. 5 is a view for explaining a calibration operation of 
the laser beam emitting means ; 

Fig. 6 is a view for explaining a method for obtaining an 
20 instruction emit angle of the laser beam; 

Fig . 7 is a flowchart for showing steps of using the navigation 
system; 

Fig. 8 is a view of an example of a display screen after 
completion of a registration operation in the navigator system; 
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Fig. 9 is a view of an example of the display screen where 
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a tip and a direction of a surgical tool are displayed on the 
navigation system; and 

Figs. 10(a) and 10(b) are views for explaining steps for 
positioning the surgical tool, and in particular , wherein; Fig. 
5 10(a) shows the condition where the laser beam is emitted to 
indicates a position where the surgical tool should be touched 
on, and Fig. 10(b) the condition where the surgical tool is touched 
on while fitting to the indication of the laser beam. 

DETAILED DESCRIPTION OF THE INVENTION 

10 Hereinafter, a position measuring apparatus, as an 

embodiment according to the present invention, will be fully 
explained by referring to the attached drawings. Fig. 1 is a view 
for showing the entire structure of a navigation system, 
diagrammatically , which applies therein the position measuring 

15 apparatus, integrating a position indicating function therein. 
This navigation system is constructed with a position measuring 
apparatus 1 and a control unit 2, mainly. 

The present embodiment shows a case, where the position 
measuring apparatus 1 measure an infrared marker 4, which is 

20 attached onto a surgical (or operation) tool 3 to be used in the 
surgical operation, and guides the surgical tool 3 through emission 
of a laser beam in a surgical field (or an operation portion) 5, 
thereby conducting the surgical operation thereon. However, in 
the present embodiment, the position measuring apparatus is used 

25 in a spinal column alignment correcting operation ; i.e., a surgical 
operation for correcting or remedying alignment of the backbones, 
through fixing them in the vertical direction, such as, by means 
of a plate, a rod, a screw or a wire, etc. , being made of a metal, 
for curing the backbones, which are bent or curved, instable in 

30 the condition thereof, or collapsed. 

Fig. 2 is a perspective view for showing a navigation system 
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having the position measuring apparatus 1 and the control unit 
2 therein. The position measuring apparatus 1 comprises a 
three-dimensional (3-D) position measuring means 7 , two (2) pieces 
of laser beam emitting means 8a and 8b, and a base 9, on which 
5 the 3-D position measuring means 7 and the laser beam emitting 
means 8a and 8b are fixed. This position measuring apparatus 1 
is held by means a flexible arm 10, which can be fixed freely at 
any position and with any direction thereof, and further this 
flexible arm 10 is held by means of a stand 11, which can move 
10 freely with an aid of casters. 

With using the position measuring means constructed in this 
manner, it is possible to fix the 3-D position measuring means 
7 and the laser beam emitting means 8a and 8b on the base 9, and 
thereby to move and set them at a des ired pos it ion under the condition 

15 of not changing the relative positions between them. Further, the 
3-D position measuring means 7 is a device or an apparatus, which 
measures the infrared marker 4 irradiating or reflecting an 
infrared ( see Fig . 1 ) by means of a plural number of cameras , thereby 
measuring the 3-D position of the infrared marker 4. This 3-D 

20 position measuring means may be a position measuring means, which 
utilizes therein a PSD (Position Sensitive Detector), etc. 

The control unit 2 controls the navigation system . The control 
unit 2 guides an operation of the navigation information, and it 
comprises a monitor 12, on which a navigation screen is displayed, 

25 and a position measuring means control unit 13 for controlling 
light irradiation timings of the infrared marker 4, so that the 
3-D position measuring means 7 can measure the position thereof, 
and also the 3-D position measuring means 7. The control unit 2 
further comprises an input control unit 14, to which is connected 

30 a foot switch 18, to be used by a surgeon for operating the navigation 
system during the surgical operation, a CPU unit 15 for executing 
various calculations , as a core of the navigation system, a keyboard 
and a mouse, being connected with the CPU unit 15, to be used in 
inputting of data and/or operation of the navigation system, a 
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laser beam emitting means control unit 16 for controlling the 
direction of the laser beams emitted from the laser beam emitting 
means 8a and 8b , and an electric power unit 1 7 for supplying electric 
power to each of the units within the control unit 2 • 

5 The structure of the CPU unit 15 , to be the core of the control 

unit 2, is shown in a block diagram of Fig. 3. The CPU unit 15 
comprises an input unit 19 and an output unit 20 , a DB (Database) 
unit 21 , and also a calculation unit 22. The input unit 19 receives 
a signal inputted from the input control unit 14 and the position 
10 measuring means control unit 13 , and thereby carrying a role of 
function of transmitting it to the calculation unit 22. 

The output unit 20 carries the functions; such as, of 
displaying the information transmitted from the calculation unit 
22 on the monitor 12 , and also of transmitting it to the laser 

15 beam emitting means control unit 16 , as an interface therebetween. 
The DB unit 2 1 is a memory means , being provided for holding therein , 
programs for achieving the functions of the CPU unit 1 5 , information 
relating to a plan of the surgical operation inputted before that 
operation , and log information, which are all of the information 

20 inputted through the input portion during the surgical operation. 

The calculation portion 22 calculates out emit angles of 
the laser beams, upon basis of the information inputted from 
position measuring means control unit 13 and the information 
relating to the plan of surgical operation inputted before that 
25 operation, thereby to produce the navigation information displayed 
on a screen, and also, it executes a calculation for producing 
parameters to be transmitted to the laser beam emitting means 
control unit 16. 

Before using the navigation system, a calibration is made 
30 on the navigation system. The details thereof will be explained 
below. In an operation of the calibration, correspondence is built 
up in emit positions and directions of the laser beams emitted 
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from the laser beam emitting means 8a and 8b , between the coordinates 
defined in the navigation system. 

Fig . 4 shows the interior structure of the laser beam emitting 
means 8a or 8b , diagrammatically . The laser beam emitting means 
5 8a or 8b includes a laser pointer 23 for emitting the laser beam, 
and a galvano-scanner 2 4 for turning the laser beam emitted from 
the laser pointer 23 in the horizontal plane, and another 
galvano-scanner 2 5 for turning it in the vertical plane. 

The emitting position of the laser beam is measured while 

10 changing the emit angle of the laser beam . In the present embodiment , 
the emit angle of the laser beams can be defined, such as, (a 24 , 
p 25 ) with using mirror angles, since they are equivalent to the 
mirror angles a 24 and p 25 of two (2) pieces of the galvano-scanners 
24 and 25. When the mirror angles of the two (2) pieces of 

15 galvano-scanners 24 and 25 are (0, 0), the emitting position of 
the laser beams can be expressed by P x and P 2 . And it is assumed 
that the emitting position of the laser beam is P 3 when the mirror 
angles are (a, 0), and that the emitting position thereof is P 4 
when the mirror angles (0, p). The coordinates of those emitting 

20 positions P x to P 4 are measured. The mirror angles a and p may 
be arbitrary angles, but excepting for being zero (0) degree. 
However, it is preferable to use the maximum swing angles of the 
mirror angles of the galvano-scanners . The coordinates of the 
emitting positions P x to P 4 are measured by using the 3-D position 

25 measuring means 7. 

From a relationship obtained between the angles of the 
galvano-scanners and the emitting positions , the setting positions 
and directions of the laser beam emitting means 8a and 8b are 
calculated out. Herein, it is assumed that a central position of 
30 the mirror of the galvano-scanner 25 is "O" . And, it is also assumed 
that a unit vector of the laser beam is "e 2 " in an emit direction 
thereof when both the mirror angles of the two (2) pieces of 
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galvano-scanners are zero (0)/ that a unit vector is "e x " in a 
direction of changing the emitting direction of the laser beam 
when only the galvano-scanner 24 is rotated around, and that a 
unit vector is " e y " in a direction of changing the emitting direction 
5 of the laser beam when only the galvano-scanner 2 5 is rotated around • 
Also, it is assumed that a distance between those mirrors of the 
two (2) pieces of galvano-scanners 24 and 25 is "r", being already 
known. Further, it is assumed that an equivalent emitting position 
of the laser beam is "O/" when the mirror angle of the 
10 galvano-scanners 25 is zero (0) , and that the equivalent emitting 

position is "0 4 "' when the mirror angle is p. 

The unit vector e 2 can be obtained from the emitting positions 
P x and P 2 through the following equation: 

P2P1 

15 A perpendicular line is obtained, which is drawn from the 

emitting position P 3 towards a line, which is defined by the emitting 
position P x and the unit vector e z , and if assuming that a foot 
of the perpendicular can be expressed by P 3 ' , then the unit vector 
e x can be obtained from the following equation: 



P3P3 
P3P3 

A perpendicular line is obtained, which is drawn from the 
emitting position P 4 towards the line, which is defined by the 
emitting position P 1 and the unit vector e z , and if assuming that 
a foot of the perpendicular can be expressed by P 4 ' , then the unit 
25 vector e y can be obtained from the following equation: 
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e P < P 4 

y P4P4 

Since an angle Z_P 4 'OP = (3, the line segment P 4 'OP can be 
expressed by the following equation: 

P OP - P4?4 
tan|3 

5 Accordingly, the central position "O" of the mirror can be 

obtained from the following equation: 

0 = P 4 -P 4 0e z 

From the above, the central position "O" of the mirror of 
the galvano-scanner 25 , being equivalent in the setting potion 

10 of the laser emitting means 8a or 8b, and the unit vectors e x , 
e y and e 2 can be obtained, each being equivalent to the setting 
direction thereof. Further, if the emitting position of the laser 
beam can be measured with the emitting angles at least of three 
(3) pieces thereof , it is possible to obtain the setting position 

15 and the direction of the laser beam emitting means 8a or 8b. 

Explanation will be given on an example of calculation 
processing, in particular, for obtaining an instruction emit angle 
of the laser beam from a target position and direction of the surgical 
tool and the setting position and direction of the laser beam 
20 emitting means 8a or 8b, by referring to Fig. 6. This Fig. 6 shows 
the laser beam emitting means 8a or 8b, which is shown in Fig. 
4 mentioned above. 

It is assumed that the target position of the surgical tool 
is "P", and that a unit vector indicative of a target direction 
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is " v" . For indicating the pos it ion and the direction of the surgical 
tool, it is sufficient that the laser beam is emitted onto a line 
segment P 8 P e including the target position therein , on a straight 
line which can be defined by those target position "P" and the 

unit vector "v" . The mirror angles a a , p s and a e , P G of two (2) 
pieces of the galvano-scanners can be obtained when the laser beam 
is emitted on a start point P s of the line segment P S P G and an end 
point P G thereof , respectively- Within the region between those 
mirror angles; e.g., (a 3/ p s ) , (a e , (3 e ), the mirror angles of those 
two (2) pieces of galvano-scanners are changed in synchronism with 
each other. 
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The mirror angles a and p of the galvano-scanners 24 and 
25, bringing the laser beam to emit upon the start point P s of 
the line segment P 8 P e , can be obtained as below, by using the setting 
position "O" and the setting direction e x , e y , and e z of the laser 
beam emitting means 8a or 8b. Thus, (x, y, z) is obtained, which 
satisfies the following equation: 



OP s = x • e x + y • e y + z • e z 



= (e 



From the (x, y, z) obtained, the mirror angels a and p can 
20 be expressed by the following equation: 
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a = tan , 

yjy 2 +z 2 + r 

P-taiT 1 -^- 
z 

In the similar manner, the mirror angles of the 
galvano-scanners can be obtained, for bringing the laser beam to 
emit upon the end point of the line segment P s P e . 

5 According to the present embodiment, reference values to 

the galvano-scanners can be obtained, being equivalent to the 
reference emitting angle of the laser beam, from the target position 
and the direction of the surgical tool, and also the setting 
positions and the directions of the laser beam emitting means 8a 

10 and 8b. Further, in the position indicating system for indicating 
the position and the direction of the tool, it is possible to make 
such a control, that an intersection line formed by laser beam 
planes, which are emitted in a plane-like manner from the laser 
beam emitting means, is coincident with a straight line, which 

15 is defined by the target position and the direction of the tool, 
if having at least two (2 ) pieces of the laser beam emitting means, 
each being able to control the emit angle of the laser beam, and 
a control means for controlling the laser beam emitting means, 
as well . With this , it is possible to provide or indicate the target 

20 position visually for the surgeon. 

In a case when moving the position measuring apparatus 1 
supported on a stand 11, the relative position among the laser 
beam emitting means 8a and 8b and the 3-D position measuring means 
7 does not change. In this case, the calibration operation is not 
25 necessary to be done among the laser beam emitting means 8a and 
8b and the 3-D position measuring means 7 one another. Though the 
coordinate system of the position measuring apparatus 1 swerves 
away from surgical field, however since the 3-D position measuring 
means 7 always measures the position and the direction of the 
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infrared marker attached on the surgical field, at a predetermined 
time period, and therefore a fitting operation is executed between 
the coordinates of the surgical field and the position measuring 
apparatus 1. Namely, the CPU unit 15 in the control unit 2 calculates 
5 out the position of the surgical field from the position and the 
direction of the infrared marker. Accordingly, the surgeon can 
move the position measuring apparatus 1 to a desired position, 
freely, without consciousness. 

Since the relative position among the laser beam emitting 
10 means 8a and 8b and the 3-D position measuring means 7 does not 
change, even when the position measuring apparatus 1 is moved during 
the operation of , such as, the surgical operation, etc., therefore 
it is enough to conduct the calibration operation mentioned above, 
but only when the position measuring apparatus is delivered to 
15 and/or when conducting a periodic inspection, for example. Thus, 
the calibration should not be conducted every time when conducting 
the surgical operation or moving the position measuring apparatus 
1 , therefore the position measuring apparatus comes can be treated 
easily. 

20 After completion of the calibration operation, the surgeon 

starts the processes of the surgical operation. The processes of 
using the navigation system for use in the surgical operation are 
shown in Fig. 7. The surgeon has already taken the 3-D data of 
the backbones of a patient who will have the operation, in advance, 

25 before performing an orthodontic operation for the backbone 
alignment, for example, by means of, such as, a MRI (Magnetic 
Resonance Imaging) and/or a CT (Computed Tomography ) scanner, etc. 
And then, a plan of surgical operation is made out upon the basis 
of the taken 3-D data of the backbones, and it is decided at which 

30 position should be touched the surgical tool on the patient. Those 
data are inputted into the control unit 2, in advance. 

The surgeon carries the patient who will have the surgical 
operation on a surgical bed, thereby fixing her/his thereon, and 
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makes setting to the patient before the surgical operation (S100 ) . 
And the surgeon moves the position measuring apparatus 1 to an 
appropriate position, thereby conducting setting of the measuring 
apparatus 1 (S101) . The infrared marker is attached to the backbones 
5 of the patient , on which the surgical operation will be done, and 
thereby enabling to identify or confirm the position of the 
backbones of the patient with using the 3-D position measuring 
means 7 (S102). 

Then, a registration operation is conducted (S103) , for the 

10 purpose of coordinating or adjusting between the position 
information obtained through detection of the infrared marker 
attached on the backbones and a model based on the 3-D data of 
the backbones (hereinafter, being called by a "backbone model" ) , 
as a surgical field of the patient, which was taken in advance 

15 by means of the CT scanner and/or the MRI, etc. Upon basis of the 
information obtained through that registration operation, the CPU 
unit 15 fits the backbone model to the position of the backbone 
of the patient, which is measured actually. Then, the CPU unit 
produces the navigation screen indicating the positional 

20 relationships thereof, and displays it on the monitor 12 (S104). 
The CPU unit 15 displays a surgical field on the navigation screen 
displayed on the monitor, upon basis of the information of the 
surgical operation plan, which was already inputted in advance 
(S105). Fig. 8 shows an example of the navigation screen of the 

25 surgical field displayed on the monitor 12. 

The navigation screen 30 displays three (3) views thereon; 
i.e., a front view, a top view and a side view of the backbone 
model, as the surgical field. An operating portion 36 for operating 
the navigation screen is displayed on the right-hand side of the 
30 screen. In Fig. 8, position measurement points 33a-33c, 34a-34c, 
and 35a-3 5c on the backbones are displayed overlapping with each 
other , which are used in the registration operation mentioned above . 
Those having the same reference numerals, but being attached with 
different suffixes, indicate the views of the same position 
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measurement points seeing from different angles, and those having 
different reference numerals indicate the different position 
measurement points, respectively. A point 32a is the position where 
the surgical tool should be touched on according to the plan. A 
5 broken line 31a is an auxiliary line for indicating the direction 
of touching of the surgical tool according to the plan. 

The surgeon moves the surgical tool up to the vicinity of 
the surgical field of the patient. In this instance, on the 
navigation screen on the monitor 12 is displayed the tip of the 

10 surgical tool with the position and the direction thereof, which 
are detected through the infrared marker attached on the surgical 
tool by means of the 3-D position measuring means 7 (see Fig. 8) . 
Fig. 9 is another navigation screen 3 0 ' , and in this Fig. 9 , further 
solid lines 38a and 37a are displayed overlapping on the three 

15 (3) views of the backbone model on the navigation screen 30 shown 
in Fig. 8 mentioned above, indicating the position 3 8a of the tip 
of the surgical tool and the direction of the surgical tool. From 
this screen shown in Fig. 9, the surgeon can confirm the position 
of the surgical tool, easily, only by confirming it on the monitor. 

20 The CPU unit 15 transmits emitting parameters of the laser 

beams to the laser beam emitting means control unit 16. Then, the 
laser beams are emitted in the plane-like manner from the laser 
beam emitting means 8a and 8b located at two (2) spots (S106). 
An intersection line is formed with the laser beams emitted in 

25 the plane-like manner from the laser beam emitting means 8a and 
8b located at two (2) spots, and this intersection line coincides 
with the broken line 31a, which is displayed on the navigation 
screen 3 0 to be the direction of touching the surgical tool according 
to the plan. An intersection point formed with two (2) lines drawn 

30 by two (2) laser beams on the surgical field coincides with the 
position 32a where the surgical tool should be touched according 
to the plan. 



The surgeon actually conducts positioning of the surgical 
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tool (S107). A method for positioning of the surgical tool will 
be explained by referring a diagrammatic view shown in Figs. 10(a) 
and 10(b). Herein is shown an example where a hand drill is used 
as the surgical tool. On an internal portion of teeth of the hand 
5 drill 3 is attached a white-colored sleeve 40 for use of the 
positioning thereof, for the purpose of easy distinguish of the 
laser beam. On the sleeve 40, there are drawn lines 41 in a several 
number thereof, in parallel to a rotation axis of the hand drill 
3. 

io Fig. 10(a) shows a stage just before using the hand drill 

3. Namely, it is the condition where the laser beams are emitted 
from, thereby indicating the position where the hand drill 3 should 
be touched on. In this stage > on the surgical field 5 of the patient 
is projected an intersection 42, which is formed through crossing 

15 of the laser beams emitted in the plane-like manner from the laser 
beam emitting means 8a and 8b. That intersection point 42 is the 
position where the drill 3 should be actually touched thereon. 
The surgeon brings the hand drill 3 to be touched on the intersection 
point at the tip thereof while holding a grip of the hand drill 

20 3 and a grip rod 43 , which is attached on the sleeve 40 provisionally. 

Fig. 10(b) shows the condition where the hand drill 3 is 
touched on an indicating point by the laser beams. When fitting 
the tip of the hand drill 3 and the intersection point 4 2 at the 
position thereof , a locus or track 44 of the two (2) pieces of 

25 laser beams is projected on the sleeve 40 of the hand drill 3, 
by means of the laser beams emitted in the plane-like manner from 
the laser beam emitting means 8a and 8b. The surgeon determines 
the direction of the hand drill 3, so that the track 44 of the 
two ( 2 ) pieces of laser beams comes to be in parallel with the 

30 lines 41 , which are drawn on the sleeve in parallel with the rotation 
axis of the hand drill 3. With such the steps as was mentioned 
above, it is possible to fit the hand drill 3 as the surgical tool 
to the potion and direction of the target. And, it is also possible 
for the surgeon to perform the surgical operation , while confirming 
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the surgical tool touched on the surgical field and also the actual 
surgical field, visually , with her/his eyes, but without seeing 
them on the monitor 12. 

The surgeon precedes the surgical operation in accordance 
5 with the surgical operation plan, which was inputted in advance. 
In that instance, she/he changes over the navigation screen by 
pushing down the foot switch 18 on foot. All of the monitor data, 
such as, the position information measured during a series of 
surgical operations, etc., are stored in the DB portion of the 

10 CPU unit 15 (SI 08). However, in a case when the laser beams emitted 
from the laser beam emitting means 8a and 8b are obstructed or 
cut off by the surgical field of the patient and/or the surgical 
tools, etc., and also when it disturbs the surgeon, the position 
measuring apparatus 1 is moved to a desired position and is set 

15 there. 

According to the present embodiment, if the position 
measuring apparatus is moved in the position, accidentally, no 
calibration operation is necessary; therefore the surgical 
operation can be performed continuously. Also, since the target 

20 position and the moving direction of the surgical tool are indicated 
with using the laser beam emitting means, therefore the surgeon 
can concentrate her/his attention onto the surgical operation at 
hand, without .watching the navigation screen, thereby enabling 
to prevent the surgical tool from shifting in the position thereof . 

25 Accordingly, it is possible to lighten a load upon the surgeon, 
during the surgical operation. 

In the embodiment mentioned above, though the position 
measuring apparatus is constructed with the movable type stand 
and the movable type of control unit, etc., however it is also 
30 possible to hold the position measuring apparatus by means of a 
flexible arms or the like, which is fixed onto a ceiling, or to 
install the position measuring apparatus together with the laser 
beam emitting means and the 3-D position measuring means into the 
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same housing. Also, though the position measuring apparatus is 
used in the surgical operation in the present embodiment mentioned 
above, however it may be applied into various fields, such as, 
civil engineering works, manufacturing processes of industrial 
5 products, etc., other than the surgical operation. 

According to the present embodiment mentioned above, since 
the relative positional relationship between the position 
indicating apparatus and the position measuring means is constant 
or unchanging even if moving the position measuring apparatus 
10 during the surgical operation, therefore no calibration operation 
is necessary, and the position measuring apparatus can be moved 
to a desired position, freely . Accordingly , it is possible to assist 
the surgical operation, in particular, in a case when applying 
the position measuring apparatus into the surgical operation. 

15 The present invention may be embodied in other specific forms 

without departing from the spirit or essential feature or 
characteristics thereof. The present embodiment ( s ) is /are 
therefore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated by 

20 the appended claims rather than by the forgoing description and 
range of equivalency of the claims are therefore to be embraces 
therein. 



